Rational design of enhanced photoresistance in a photoswitchable fluorescent protein.
Fluorescent proteins are particularly susceptible to photobleaching, the permanent loss of fluorescence emission resulting from photodestruction of the chromophore. In the case of Reversibly Switchable Fluorescent Proteins (RSFPs), which can be switched back and forth between a non-fluorescent and a fluorescent state, the achievable number of switching cycles is limited by photobleaching, a process known as photofatigue. Photofatigue has become a crucial limitation in a number of advanced applications based on repeated photoswitching of RSFPs, notably in the field of super-resolution fluorescence microscopy. Here, based on our previous structural investigation of photobleaching mechanisms in IrisFP, an RSFP also capable of green-to-red photoconversion, we present the rational design of a single-mutant IrisFP-M159A that displays considerably enhanced photostability. The results suggest that, under moderate illumination intensities, photobleaching of IrisFP-like Anthozoan fluorescent proteins such as EosFP, Dendra or Dronpa derivatives is mainly driven by an oxygen-dependent mechanism resulting in the irreversible sulfoxidation of methionine 159. The photofatigue decay profiles of IrisFP and its photoresistant mutant IrisFP-M159A were investigated in different experimental conditions, in vitro and in cellulo. Although the performance of the mutant was found to be always superior, the results showed switching behaviors strongly dependent on the nanoenvironment. Thus, in general, assessment of photostability and switching properties of RSFPs should be carried out in real experimental conditions.